Wavelet analysis is nowadays a widely used tool in applied mathematics. The concept of vector-valued binary wavelets with two-scale dilation factor associated with an orthogonal vector-valued scaling function is introduced. The existence of orthogonal vector-valued wavelets with two-scale is discussed. A necessary and sufficient condition is provided by means of vector-valued multiresolution analysis and paraunitary vector filter bank theory. An algorithm for constructing a sort of orthogonal vector-valued wavelets with compact support is proposed, and their orthogonal properties are investigated.
Introduction
Construction of wavelet bases is an important aspect of wavelet analysis, and there are many kinds of scalar scaling functions and scalar wavelet functions. The main advantage of wavelets is their timefrequency localization property. Already they have led to exciting applications in signal analysis [1] , fractals [2] , image processing [3] and so on. Sampling theorems play a basic role in digital signal processing. They ensure that continuous signals can be processed by their discrete samples. Vector-valued wavelets are a class of generalized multiwavelets [4] . Chen and Cheng [5] introduced the notion of vectorvalued wavelets and showed that multiwavelets can begenerated from the component functions in vectorvalued wavelets. Vector-valued wavelets and multi-wavelets are different in the following sense. In real life, Video images are vector-valued signals. Vector-valued wavelet transforms have been recently studied for image coding by W. Li. Chen and Cheng studied orthogonal compactly supported vector-valued wavelets with 2-scale. Inspired by [5] [6] [7] , we are about to investigate the construction of a class of orthogonal compactly supported vector-valued wavelets with three-scale. Similar to uni-wavelets, it is more complicated and meaningful to investigate vector-valued wav--elets with 4-scale. Based on an observation in [5, 6] , another purpose of this article is to introduce the notion of orthogonal vector-valued wavelet packets with two-scale and investigate their properties. 
Notations and multiresolution analysis
Definition 2 [5] . A sequence (2), and for any ( ) G t U , there exists a unique sequence of s s constant matrices
Definition 3 [5] . A vector-valued multiresolution analysis of has only finite non-zero terms, and the others are zero matrices. By taking the Fouries transform for the both sides of (5), and assuming ( ) is continuous at zero, we have (10) Then, the refinement equation (10) 
Lemma 1 [6] . Let 
Thus, both Theorem 1 and formulas (16), (23) and (24) provide an approach to design a class of compactly supported orthogonal vector-valued wavelets.
Design of vector-valued wavelets
In the following, we begin with considering the existence of a class of compactly supported orthogonal vector-valued wavelets. (7) and (10) Proof. Firstly, we prove the necessity. By Lemma 1 and (6), (11) and (13) 
Conclusion
A necessary and sufficient condition on the existence of a class of orthogonal vector-valued wavelets is presented. An algorithm for constructing a class of compactly supported orthogonal vectorvalued wavelets is proposed.
